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RECEIVEB^CIRCSIT 

TEOINIC^^^ receiver circuit, in 

interval . 

B^S^^f^U*. Video Broadcasting - 

J ^ ~~~~ 

Terr estrral> . Qrthogonal Fresuency 

televlsl on DTT, c of . transmittedsigM ls. 

Division Multiplexing symbo ls. 

— r^r — r - 

before of each OFDM synfcol. 

o£ che - 9i — 9 ana end , 

--cyclic prefix to -c These cyclic 

after . to o«n and fix ^ demodulatio n, 

ran be used initially 
repeated can b ing correlation 

U» prefix, by calculating sepa rated 
' betwe en reived portions -«* «• ^ 
by the Xnown time interv ^ • Seated portion. 
will indicate U. ^J^^ f or any Ganges 
However, this does not alio ns in sampling 

in position caused by subsequent variati 
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rate 



SUMMARY OF nre TmTT1TTnTT 

The present invention provides . receiver which 
overcomes some of the disadvantages of the prior art 

Th ls invention relates in . first aspect to a 
receiver which can maintain the assumed position of the 
active symbols in the sign al accurately, as compared 

a^vant T P ° Siti ° n ^ ^ ""^ 
advantageously allowing feedback control of the sample 

position of the receiver. 

According to a second aspect of the invention 
there is provided a method of processing received 
-^als, and controlling the sampling position of a 
receiver. 

in particular, according to the invention, there is 
provided a receiver circuit, comprising: 

a sampler, for taking digital samples of a received 
S1 gnal, said received signal including at least a first 
portion and a second portion which repeats the content 
of the first portion after a repeat interval- 

a processing device, for processing the digital 
samples on the basis of an assumed position of the first 
and second portions in the received signal; 
at least one correlator for measuring: 
a first correlation between a first group of 
• samples including at least samples around the beginning 
of the first portion of the signal, and a second group 
of samples including at least samples around the 
beginning of the second portion of the signal; and 
a second correlation between a third group of 
samples including at least samples around the end of the 
first portion of the signal, and a fourth group of 



corre lations. fl third and fourth 

Preferably, the first. diat ely preceding 

groupS of sa^es i*** «^ - or 
• a ^ a telY following the resy 

and — diate Y or seC ond portion. 

end point of the tir 
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mM^^^^^^^ of a part of a 
Fig ure 1 is a -«*-^ w±ch che invention. 

— ci Ti: - — provided foE a 

bette ^t a :^o f t hePr e S ent^nt^ 

r elevant to the cerrest rial television 

e^pxarv case of a d«x« ; " signals using the 

signal receive,, for rre ^ vision 

. dvB-T standard with ^J^J include „ antenna (not 
Multiplying, the recerv rece iving the 

shown,, and a tuner (not shown, ^f frequen cv. 
signals and downcon vert-g ^ ^ ^ 

Th e receiver ^ on to ba sehand. at an 

receives signals, after ^ pre£erably a 

input 12. For example, the 



~„-x t ™ with an ~~ 

di3ital tzzirz 1 ::. «- ~* 
< S v 7 ) M ^LLc:;:;;: t Tr- r 

samples. Th* c^mro th 1 and Q 

<not shown, SUPPlied t0 devices 

> which, amongst other things, remove t-h» 

rrj—rrthTr 5 ^ — — - 

the assumed position of the start oT T ^ 
— coincides w ith thetll ~ ~ ^ 

. received signal. where th* . -, 

miere the sampler 10 iq =, ^ 
this control of the ™ t desampler, 

acting its Phase ' ' >' * 

which is Implex ; ^ inClUdSS * P ° rti - 

samples long, and which i s repeated 

xnterval (the repeat interval) of 2048 sail " 
from the start of th* . ■ samples (measured 

tart of the portion to the start of th* 
repeated portion) . the 

It will be appreciated that th* ^ 
• signals are downconverted to b t " ^ 

current United Kingdom specification \ 

-ues of such parameter! J^Z^T^ 

~, wh i c h ma y be a Pplied to an y Z^ gnsl 



format. h sampler 10 is 

applied to a first delay . g of 

element ». ^ r He aMent effectively 

two samples. * ^; u ^ ofM « 1 e, « 
nances the signal by a du ^ ^ 

course, this is not possib e^ P ^ 
delay element actually ^ wit h the 

^ hhpre is no second delay 
saItple s, and there compensated later in the 

ext ra two sample del y ^ ^ ^ ^ ^ 

Pr ° Ce Tas It oold be any — r - eagles, 
critical, as it co delay glves 

conveniently an integer , * 

proved noise P""^ ca n be corrected in 
increases the range of error 

each me.surement and corre-ic ,n cycl ^ ^ ^ 

Th e signal from the txr.t delay e ^ 
. nnrre lation combiner xo, 
applied to a first which applieS a delay 

includes a third delay ^ ^ 2048 samp les. A 

equal to the repeat mterva ^ frQm 

m ultiplier 22 £ ; nd a3 a second input the 

the first delay element 14. a ^ 
de layed output from the Y inputs is 

Th e correlation between these 

.^nle-bv- sample basis 
. determined on a ^ which includes an 

22 , and output to a ^cumulates the 

integrator «. *» ^"T^.^-^l. correlations 
r esults of the / nd a sa mpling switch 

determined by the multiplier , ator to provide 



samples of the repeated portion of the sicnal , 
first input of a subtracter 30 , * 
i . actor 30 - A running correlan^ 

is used initially to finH n ^relation 

Because the first delay element M effectively 
— the si 3 nal, this output is re g arde d a^rly 

16 



delay equal to the repeat interval. Thus "th I 
nerval of 2043 sarnies, the fourth delay el LYsT" 

ILtrs^Tirl 2048 SamPl6S - ^ ~— 3 6 

delay element l6 IT* 319031 ^ ^ 

y ement i«, and as a second input the further 

delayed- output from the fourth delay element 34 

The correlation between these two inputs" is ' 

deterged on a sample-by-sample basis in the multiplier 

a The integrator 4 0 accumulates the 

Because the second delay element ls delayed the 

The'c T PUt " re9ardSd - * ■ 
The correlation result for each OFDM symbol, R ls 

the ma g n a tude of the complex correlation across N 



sables of the cyclic repeat: 
value, =c K are the sables of the .xg 

— - — S ~~ ^ edited in 

and its repeat. Either x. or 

, ' 4-^ the first sample 
thi3 calculation and -0 is ^ . 
o£ th e assumed start of the cyclxc prefxx 

Parti ;reart-ation can he bitten as: 



and the late correlation as: 

\lB-« ' 

,„ receives, the two correlation 
Th e subtracter 30 recex 

values as inputs, and ^~J£ ffBEence be tween the 
signal which is a measure of the ^ 

-^t;::;:^. - - s^— - 
■ ::rri - — with reference 

:::: e :r rr assumed ^ 9 ^.0, 



Thus : 
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The output signal from the subtraotor 3Q , s suppi . ed 
a feedback loop filter 44 which appears in a feedback 
loop 46, and the output thereof is applied to the 
sampler 10 to control the sampling position. 

is thT^ " ° f calculations 

that the input signal i s found to be more closely 
correlated with the delayed signal or the effectively 
advanced signal, a correctlon applied ^ ^ 
position which will tend to equallze these oorrelat ion / 
A more detailed explanation of the operation of the 
circuit will now be given with reference to Figure 2 

Figure 2 is a partial schematic illustration (not 
to scale, of the time history of a digitally sampled 
received COPDM signal. The signal includes a first 
portion 50, and a second portion 52, which is identical 
thereto and can therefore be seen as a repeat of the 
first portion. The signal also includes a third portion 
54, and a fourth portion 56,. which is identical thereto 
and can therefore be seen as a repeat of the third 
portion. The first, second, third and fourth portions 
" ' " ' 56 each have 3 duration 58 of 64 samples. 
The start of the second portion is 2048 samples 
after the start of the first portion, and the start of 
the fourth portion is 20 48 samples after the start of 
the third portion. Thus, the repeat period is 2048 
samples. Therefore if either the first or third portion 
of the signal were delayed by 2048 samples, it would be 
found to be exactly correlated (ignoring distortions, 



noise, etc, with «- — actually being receive, a t 

that r a-— — . " - ;r::re:r w 

exactly when to - - ^ data , for exa mple 

active symbol. This ai active 

the cyclic P^e ^ ^ the 

synto ol, to be removed^ Aa images 

receiver has a reduced ab.lxty ^ 

from the received sxgnal. or can » 

is unable to reproduce any ^ ^ /^, les as 

Fig ure , shows a dela, - ° 2 portion 62 

a pplied by the • 1 -^°^ tllB portion 5 . which 

WhlCh r "ZZTZ Teh Educes a delayed signal 
is to be repeated, a 22 measur es the 

5 portion 64. Thus. ^£ signal porti on 64 and 

cor reXation "^"Leived at the same time, 

the signal portion actual y OTe rlap^*ith 

- - — r;: 3 id — « is . 

signal portion SO th J ^ dist ortions, no.se, 

10 perfectly ^^J^ J acC ually received at the 
etc , with the P° rt that slgn al portion 

same time. However, to the e deiayed 

62 does not ^^tSL- with U- 
sig nal portion ^^j^ at the same time. 
25 signal portron actually ^ samples as 

Figure 2 also shows a delay ^ ^ 

' a pplied by the delay element 34 to a -g P ^ ^ 
jLh is two samples behind the portion 
be repeated, and which produ o-jj^ cQrrelaCion 
30 70. Thus, the correlator 36 ^ 

b etween the ^ ^I^ame «~ * ^ 
portion actually receive 
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extent that signal portion 68 overlaps ^ 
portion 50, the delayed signal portio „ ?0 
correlated (again ignoring distortions, noise, etc , 
with the signal portion actually received at the same 
time. However, to the extent that signal portion 68 
does not overlap with signal portion 50, the delayed 
Signal portion 70 is broadly uncorrected with the 
signal portion actually received at the same time 

If the assumed sampling position is exactly 
synchronic with the transmitted signal, then the 
-gnal portion 62 wou ld begin exactly two samples before 
the signal portion 50. The delayed signal portion 64 
would then be correlated with the signal portion 
actually received at the same time for 62 samples out of 
«. and ^correlated for the remaining 2 samples out of 
«. Similarly, the delayed signal portion 70 would then 

. * C °~ elated •«* <*• signal portion actually received 

at- the-same time for 62- samples out of 64 , and 
uncorrected for the remaining 2 samples out of 64 " 
Thus, taken over many OFDM symbols, the average 
values of the measures of correlation, as determined by 
the two correlation combiners 18, 32, would be exactly 
equal . ■* 

If ' by COntrast ' the sampling position were 
slightly in advance of the received signal, the signal 
■ portion 62 would overlap with signal portion 50 for 
longer than before, and the delayed signal portion 64 
would be more highly correlated with the signal portion 

30 T Y r CeiVSd ^ Sat " e timS - At the — "me, 

the signal portion 68 would overlap with signal portion 
50 for a shorter time than before, and the delayed 
Signal portion 70 would be less highly correlated with 
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- »n v received at the same time. 
th e signal portion ac _ siighciy 

shorter time than before . i s . gnal 

port^n actually r ^ 3ignal 

portion 50 for ^ ^ highly 

r^^S — — - iVed ^ 
cne same time. tnere fore, a zero output 

Tm'r 4 f U- the symbol start 

from tne filter 44 P ^ actiy gynchronized Wlth 

position of the « - ^ .„ the 

th e «« 1 « d ." 9 ° al ' H ^ r , a non-zero output from the 
sampling position. Howe , pos ition of the 

■ ^-u v>,^ -received signal. 

wm :The b ;r:nrrr f l — 

. That correlaCed (again ignoring 

62 should be exactly the last 6 o samples of 

distortions, noise, etC correlatio n being 
tne signal portion 64. with any un 
, confined to the first 4 Qnly during 

sufficient to calculate the - ^ ^ 

these first 4 samples. Similarly. 
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of the signal portion 68 should be exactly correlated 
(again ignoring distortions, noise, etc., wlth the first 
60 samples of the signal portion 70, with any 
uncorrelation being confined to the last 4 samples It 
x. therefore sufficient to calculate the correlation 
only during these last 4 samples. 

In other words, we can assume that, on average the 
deference between the overlapping portions of the two 
correlations is zero. Hence, it is possible to use the 
following approximation, if calculated over a 
sufficiently large number of symbols. 



Af cc Averagt 



OT ^!_ 4 "^ m+2 -Xm+2+ JSfj 



This modification therefore advantageously reduces 
the calculations and storage required. 

The use of an offset period of two samples means 
that this is the largest error which can be corrected in 
each measurement and correction cycle. In the event that 
the actual offset is greater than two samples, then a 
correction of two samples is applied in each cycle 
until the offset becomes less than two samples. 

There are therefore disclosed a receiver circuit 
and a method of controlling a sampling position therein 
which allows exact synchronization to be achieved 
between the sampling position and the received sample 
position. 
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CLAIMS . . . 

: A receiver circuit, cotnpnsmg. 



, A receiver circuit ■ - . 

for taking digital sables of a receded 
: ^Ilc vefs -al Lading at least a first 
' n d a s e c ond portion which repeat, the content 
portion and a second, v 

P - -.fter-a repeat interval; 

of ^ ; rocessing the 

a processing device, h> first 

sables on the basis of an assumed pos^on of tne 
iTsecond portions in tne received srgnal, 
- a t least one correlator for — ^ q£ 
a firs t correlation between a £irSt 9 P 
_les including at ^ -^^^ and a 
Winning of the first ^ 

s econd g^p of sables rf che 

around the beginning of tne 

Si9nal a " S rond correlation between a third group of 
_les including at ^ 
^0^::::-, Lst ^around 
* * second portion of the signal, 

rrr/c^aringt.— 

relation, to produce a ^^^^Z of the 

me ans for deter^nrng * ch£ COTI>arlson 

■ fir st and second portions on th ^= ^ 
output in order to tend to eo^al^e the 

I ,- Mt second, third and fourth group of 
wherein the first, second, 

second portions of the signal. 
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A receiver circuit as claimed in claim 2 
wherein the first group o£ samples ± . 
the first portion of the signal, the second group of 
samples is offset relative to the second portion of the 
-gnal, the third group of samples is offset relative to 
the first portion of the signal, and the fourth group of 
samples is offset relative to the second portion of the 
Signal, the durations of said offsets all being equal. 

4. A receiver circuit as claimed in claim 3 
wherein the durations of said offsets are all equal to 
two sample periods. 

5. A receiver circuit as claimed in claim 1 
wherein the first group of samples includes a 
predetermined number of samples at the beginning of the 
first portion of the signal, the second group of samples 
includes a predetermined number of samples at the 
beginning of the second portion of the signal, the third 
group of samples includes a predetermined number of 
samples at the end of the first portion of the signal 
and the fourth group of samples includes a predetermined 
number of samples at the end of the second portion of 
the signal . 

6. A method for receiving signals, the method 
comprising: 

taking digital samples of a received signal, said 
received signal including at least a first portion and a 
second portion which repeats the content of the first 
portion after a repeat interval; 

processing the digital samples on the basis of an 
assumed position of the first and second portions in the 
received signal; 
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. — rr»: «irr 
* „„>.. — « r:.;" ■»» 
:;:;r;ri: — 

- - T:rrr,rr.'r... . — 

en d of the first portion of the sig - 

£ ourth group of sa.pX- includ.ng at least P 

- - at the end of the second portion of the sig 

comparing the .easured first and second 

nation* to produce a ^ and 

— - J- HolUison output in 

second portions on * bas 
order to tend to equalize the first 

correlations. wherein _the_ 

hav e the same length as the first 

the signal. ■„ ^Laim 7, wherein the 

B . A method as cU^ £irst 

£i rst group of samples of samples is 

portion of the signal ^ Qf ^ si ^ al , t he 

offset relative to the P first 

' — — - S - Pl r Id r irrgroup of sables 



periods . 



10. A method as claimed in claim 6, wherein the 
first group of samples includes a predetermined number 
of samples at the beginning of the first portion of the 
sxgnal, the second group of samples includes a 
predetermined number of samples at the beginning of the 
second portion of the signal, the third group of samples 
xncludes a predetermined number of samples at the end of 
the first portion of the signal, and the fourth group of 
samples includes a predetermined number of samples at 
the end of the second portion of the signal. 

11. A receiver circuit, for processing a received 
sxgnal, said received signal including at least a first 
portion and a second portion which repeats the content 
of the first portion after a repeat interval, the 
receiver comprising at least one correlator, for 
calculating an early correlation and a late correlation 
thS earlY relation being measured between samples 
ahead of an assumed first portion start position and 
ahead of an assumed second portion start position, and 
the late correlation being measured between samples 
behind an assumed first portion- end position and behind 
an assumed second portion end position, and revising the 
assumed start and end positions on the basis of a 
calculated difference between the early correlation and 
the late correlation. 
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RECEIVER-CIBCSii received 
^^veTcircuit is for processing a recei ^ 
^ „^ a first portion and a 

seC F . ._ terva i. For example, the 

portion after a repeat interval 

>,« fnr DVB-T signals using COFDM. 
receiver may be for DVB t g positio n is 

t-hat the estimated symbol stare P 
to ensure that the two correlation 

accurate, the receiver calculates 

lvan ear iY correlation and a late 
values, namely - correlation is measured between 

^T/sTeaa al — first ^ start P- i«- 
samples ahead ^ ^ po „ ltxon> 

and ahead of an assume between samples 

behind an assumed first po 

an assumed second portion end ^» J«- 
assumed start and end posi = are a c 

and late ^J^^ „ equalize t he 

start and end positions are cone 

early correlation and the late correlation. 
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